All xenografts from pigs impose infection risk by porcine endogenous retrovirus (PERV). The purpose of this study was to investigate the env constructs with the comparison of the ratio of the competent form to the defective one of env in subtypes, PERV-A, PERV-B and PERV-C in different pig breeds. The results of PCR amplification of env represented that all env subtypes had more than two defective forms which cannot bind to host cells due to the absence of binding regions of env in miniature pigs, SNU and PWG, and farm pig breeds, Duroc, Yorkshire and Landrace. In addition, comparing the full sequences with the defective ones in three subtypes demonstrated that the present percentages of env sequences in defective PERV-A, PERV-B and PERV-C were approximately 50%, 38~45% and 4~11%, respectively, in SNU and PWG pigs whereas PERV-A and PERV-B occupied around 40 to 60% but PERV-C was not detected in farm pigs. Quantitative real-time PCR assays with primers and probes targeted to proline-rich region (PRR) of each env subtype were done to measure the copy numbers of each env subtype. When the reference was set with copy number of PERV-A, the ratio of those of PERV-B and PERV-C to the reference were 1.5 to 6.0 folds high in SNU and PWG pigs while 1.0 or less in farm pigs. These contradictory results of PERV-C constructs and copy numbers in SNU pigs suggests that many truncated or short defective sequences of PERV-C might be present in them.
INTRODUCTION
The integrated virus has been regarded as a potential risk of infection in the field of xenotransplantation, since the existence of porcine endogenous retrovirus (PERV) was reported (1) . It is still controversial whether PERV could impact on human recipient after transplantation (2, 3) .
PERV had the transmission ability to human cell line such as human embryonic kidney (HEK) 293 and HeLa and primary human cells in vitro (4~6). However, co-culture of human cell line and cells from SNU miniature pigs showed that the virus was non-replicable and non-productive in human cells (7) . Also, PERV has not been reported the infection to human and non-human primates in vivo (6, 8, 9) .
Nevertheless, PERV could integrate into human genome (10) and no one expect the effect of virus after adaptation in human genome.
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PERV can be classed into subtypes, PERV-A, PERV-B and PERV-C by their env sequences which determines human-tropism (11) . Although PERV-C is not human tropic and not detected in PK15 cell line (12) , the exclusion of PERV-C is recommended in xenotransplantation because the recombination between PERV-A and PERV-C can result in the modification to human tropism (13, 9) . The ENV glycoprotein is composed of surface (SU) and transmembrane (TM) subunit (14) . The specificity among PERV types are determined by receptor binding domain (RBD) which includes variable region A (VRA), variable region B (VRB) and proline-rich region (PRR) (15, 16) . This domain is important not only in binding to host cells but also in determining the characteristics of the types.
The purpose of this study was to identify the various env constructs of PERV-A, PERV-B and PERV-C and compare their characteristics in different pig breeds.
MATERIALS AND METHODS

Animal samples
Whole blood samples were obtained from 18 SNU 
Quantitation of env subtypes
To check the integrated PERV env gene, the quantitation of target DNA was performed by densitometry for the PCR amplicons and by real-time PCR for the absolute copy numbers. The density of PCR product of env full-length and defective forms on the agarose gel was calculated by Image Lap 3.0 (Bio-Rad, Hercules, CA, USA). Absolute copy number was calculated from the standard curve using primer and probe sets targeted specific region for each type.
RESULTS
Detection of PERV env subtypes in various pig breeds
PCR assay was performed to verify the presence of subtype-specific sequences in gDNA isolated from PBMC of miniature pigs, SNU and PWG, and farm pigs, Duroc, Yorkshire and Landrace (Fig. 1) . The results of amplification showed all pigs have more than two defective forms in each type. PERV-A and PERVB-B have similar amplified patterns in all pig breeds whereas PERV-C has diverse smaller sizes in individual pigs.
Analysis of env constructs
To confirm whether the smaller amplicons had genuine PERV sequences, nucleotide sequences were determined in each size of amplified products. The blast analyses revealed that they were defective forms of PERV env. The structure of construct contained stop codons in the middle of the open reading frame (ORF) and most of defective forms did not have some parts of RBD region (Fig. 2) . Phylogenetic tree showed that PERV-A sequences were well grouped 
Quantitation of the complete and defective forms in PERV env
Sizes of PERV-A constructs were 2.0, 1.3 and 1.0 kb, and PERV-B constructs had an additional size of 650 bp, while PERV-C constructs consisted of 9 sizes mainly under 1 kb in SNU and PWG pigs (Fig. 4) . The defective forms of env in PERV-A and PERV-B constituted over 50% compared to whole sequences in SNU and PWG pigs.
PERV-C also represented almost all the defective forms and the full sequences were difficult to detect. PWG pig had less than 5% of PERV-C full sequence but less than 1% in SNU pigs. Among the defective forms of PERV-C, construct with 500 bp occupied majority in SNU and PWG pigs.
Linear range of amplification of real-time PCR for PERV env
The linear range of real-time PCR assays was determined with absolute copy number of the serially diluted amount of the standard target env plasmid (Fig. 5) . The standard curve of the PCR assay was derived from the logarithmic input template quantity (copies/μl) of each env subtype clones. The detection limits of PERV-A, PERV-B and PERV-C in the PRR domain by real-time PCR were 100, 10 and 100 copies/μl, respectively.
Quantitation of PERV env subtype
The comparison of the amplification ratio of the full length sequences in three subtypes demonstrated that the proportion of PERV-A, PERV-B and PERV-C were approximately 50%, 38~45% and 4~11%, respectively, in SNU and PWG pigs whereas PERV-A and PERV-B occupied over 99% and PERV-C was detected below 1% in farm pigs (Fig. 6A) . On the other hand, the ratio of the copy numbers of PERV-B and PERV-C to that of PERV-A was 1.5~1.6 and 5.0~6.0, respectively, in SNU and PWG pigs while there was little amount of PERV-C in farm pigs (Fig. 6B) . Moreover, the supporting idea for the results was carried out that inbreeding compared to wild boar increased the 
